We perform a study on the predictions of electric-dipole moments (EDMs) of neutron, Mercury (Hg), Thallium (Tl), deuteron, and Radium (Ra) in the framework of next-tominimal supersymmetric standard model (NMSSM) with CP-violating parameters in the superpotential and soft-supersymmetry-breaking sector. We confine to the case in which only the physical tree-level CP phase (φ ′ λ − φ ′ κ ), associated with the couplings of the singlet terms in the superpotential and with the vacuum-expectation-values (VEVs), takes on a nonzero value. We found that the one-loop contributions from neutralinos are mostly small while the two-loop Higgs-mediated contributions of the Barr-Zee (BZ) type diagrams dominate. We emphasize a scenario motivated by electroweak baryogenesis.
Introduction
The MSSM offers many possible sources of CP violation beyond the single KobayashiMaskawa phase in the SM. As far as the Higgs sector is concerned, the non-vanishing CP phases could induce significant mixing between the CP-even and CP-odd states radiatively [20] [21] [22] [23] , giving rise to a number of interesting CP violating phenomena and substantial modifications to Higgs-boson phenomenology [24, 25] . In particular, the lightest Higgs boson can be as light as a few GeV with almost vanishing couplings to the weak gauge bosons when the CP-violating phases are maximal. The decay patterns of the heavier Higgs bosons become much more complicated compared to the CP-conserving case because of the loss of its CP parities [26, 27] . These combined features make the Higgs boson searches at LEP difficult, consequently, the Higgs boson lighter than ∼ 50 GeV can survive the LEP limit [28] .
The non-observation of electric dipole moments (EDMs) for Thallium [29] , neutron [30] , and Mercury [31, 32] is known to constrain the CP-violating phases very tightly. It is generally believed that one-loop contributions dominate and we set the phases to O(0) to make the null results of the EDM searches consistent within most of the parameter space † . However, we point out in this work that it may not be the case in the framework of NMSSM with CP-violating parameters. Even if we set the CP phases of the parameters appearing in the MSSM to zero, there could be potentially large nontrivial two-loop contributions coming from a combination of the CP phases, (φ ′ λ − φ ′ κ ), which could exist only in the NMSSM. We note that, being different from the MSSM, the non-vanishing CP phase could cause CP-violating mixing among the neutral Higgs bosons even at the tree level.
In this work, we perform a study on the predictions of EDMs of neutron, Mercury (Hg), Thallium (Tl), deuteron, and Radium (Ra) in the framework of NMSSM with CPviolation. We confine ourselves to the case in which only the physical CP phase (φ ′ λ − φ ′ κ ), associated with the couplings of the terms containing the singlet field in the superpotential and with the VEVs, takes on a nonzero value. We figure out how large the CP phase can be taken in a scenario in which a first-order phase transition could be achieved more easily in comparison to the MSSM [18] . The form factors that contribute to these observable EDMs include electric-dipole moment, chromo-electric dipole moment, Weinberg three-gluon operator, and the four-fermion operators. The two-loop Weinberg three-gluon operator and the Higgs-exchange four-fermion operators are generated due to the treelevel CP-violating Higgs mixing. The electric-dipole moment (EDM) and chromo-electricdipole moment (CEDM) receive the following one-and two-loop contributions: (i) One loop neutralino-sfermion contribution in which the CP phase appears in the neutralino mass matrix (the CP phase of the effective µ parameter in the chargino-mass matrix is set to zero). (ii) Two-loop Barr-Zee (BZ) diagram with the γH 0 , W ∓ H ± , W ∓ W ± , and ZH 0 decompositions. † Nevertheless, accidental cancellations among various contributions may occur in the three measured EDMs, thus still allowing sizable CP phases even with the SUSY particles lighter than O(1 TeV) [33, 34] .
We found that the one-loop contributions from the neutralino-sfermion diagrams to the Thallium and neutron EDMs lie below the present experimental upper limits especially when the sfermions of the first two generations are heavier than ∼ 300 GeV. This is in agreement with the previous observations [4, 35] , in which only the one-loop contributions were taken into account. The one-loop contributions to the Mercury EDM could be larger but they also go below the present experimental upper limit if the sfermions of the first two generations are heavier than ∼ 300 − 500 GeV.
The two-loop contributions start to dominate when the sfermions of the first two generations are heavier than ∼ 300 GeV and the one-loop contributions are suppressed. We found that the two-loop contributions can saturate the current bound on the neutron EDM and they can go over that on the Mercury EDM. But we found that there is still a room to have the maximal CP phase (φ
• after taking account of the uncertainties in the calculations of the EDMs. We note that the large CP phase can be easily probed in the proposed future experiments searching for the EDMs of the deuteron and the 225 Ra atom and it might be connected to the EWBG.
The organization of the paper is as follows. We briefly describe the Higgs sector of the NMSSM with CP-violating parameters in Sec. II. We give the relevant Higgs couplings in Sec. III and detail breakdowns of the EDM calculations in Sec. IV. Numerical analysis is given in Sec. V. We conclude in Sec. VI.
Higgs sector in the NMSSM with CP violation
The superpotential of the NMSSM may be written as
where S denotes the singlet Higgs superfield, H u,d are the two SU(2) L doublet Higgs superfields, and Q, L and U C , D C , E C are the matter doublet and singlet superfields, respectively, related to up-and down-type quarks and charged leptons. We note that, especially, the last cubic term with a dimensionless coupling κ respects an extra discrete Z 3 symmetry. The superpotential leads to the tree-level Higgs potential, which is given by the sum
where each term is given by
with the gauge-coupling constants g ′ = e/ cos θ W and g = e/ sin θ W , where e is the electric charge of the positron in our convention. Note that we are taking the unusual minus(−) sign for the singlet soft-trilinear term proportional to A κ .
We have parametrized the component fields of the two doublet and one singlet scalar Higgs fields and the vacuum expectation values (VEVs) as follows,
Note that we have the complex vacuum-expectation-values (VEVs) and assume that the parameters λ and κ in the superpotential and A λ and A κ in the soft terms contain nontrivial CP phases. It turns out that not all the CP phases appearing at the tree level after the electroweak symmetry breaking are physical and the only physical one is the difference φ
and the CP phases of A λ and A κ are determined up to a two-fold ambiguity using the two CP-odd tadpole conditions. When φ ′ λ − φ ′ κ = 0, the neutral Higgs bosons do not have to carry any definite CP parities already at the tree level and its mixing is described by the orthogonal 5 × 5 matrix O αi as
with H 1(5) the lightest (heaviest) Higgs mass eigenstate.
For the calculation of the Higgs-boson masses and mixing matrix O αi in the presence of CP-violating parameters in the superpotential and in the soft-supersymmetry-breaking sector, we adopt the renormalization-group (RG) improved approach by including the full one-loop and the logarithmically enhanced two-loop effects [36] . And then, the NMSSM Higgs sector is fixed by specifying the following input parameters:
For the renormalization scale Q 0 we take the top-quark mass as in Refs. [21, 23, 37] .
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In this work, we wish to consider the constraint on the tree-level CP phase φ ′ λ −φ ′ κ coming from the non-observation of electric dipole moments (EDMs) for Thallium ( 205 Tl) [29] , the neutron (n) [30] , and Mercury ( 199 Hg) [31, 32] when the CP phases appearing in all the other soft SUSY-breaking terms vanish or sin(φ ′ λ + φ A f ) = sin(φ ′ λ + φ i ) = 0, with φ A f and φ i denoting the CP phases of the soft trilinear parameters A f and the three gaugino mass parameters M i=1,2,3 , respectively.
Higgs-boson couplings in the NMSSM
If we consider the case in which only the tree-level CP phase φ ′ λ − φ ′ κ takes a non-trivial value while all the other CP phases are vanishing, as will be shown in the following, the one-loop contributions to the EDMs are mostly small and the EDMs are dominated by the two-loop contributions from the Higgs-mediated dimension-6 Weinberg operator, the Higgs-exchange four-fermion operators, and the Barr-Zee-type diagrams. Therefore, for the calculation of the EDMs beyond the one-loop level, one may need the Higgs-boson couplings taking full account of the 5×5 CP-violating mixing matrix O αi . In this section, we present the couplings of the neutral and charged Higgs bosons to quarks, leptons, charginos, neutralinos, and third-generation sfermions in the NMSSM with CP violation. For the conventions and notations of the masses and mixing matrices of charginos, neutralinos, and third-generation sfermions, we refer to Appendix A.
The interactions of the five neutral Higgs bosons with the SM quarks and leptons are described by the interaction Lagrangian:
where 
where i, j = 1, 2, 3, 4, 5 for the five neutralinos and k = 1, 2, 3, 4, 5 for the five neutral Higgs bosons and the scalar and pseudo-scalar coupling are
Note the couplings are symmetric under the exchange of i ↔ j, reflecting the Majorana property of the neutralinos, and contain the terms coupled to the singlet components of the Higgs bosons and to the singlino components of the neutralinos which do not exist in the MSSM. The couplings of the neutral Higgs bosons to the charginos can be similarly cast into the form:
with i, j = 1, 2 for the two charginos, k = 1, 2, 3, 4, 5 for the five neutral Higgses, and
We observe the couplings are real when i = j but they are complex otherwise with
. We again note that the couplings contain the terms coupled to the singlet components of the neutral Higgs bosons which do not exist in the MSSM. Lastly, the neutral Higgs interactions with sfermions can be written in terms of the sfermion mass eigenstates as
where
7 1, 2, 3, 4, 5) , and j , k = ( f 1 , f 2 ) = (1, 2) . The explicit expressions of the couplings Γ α f * f in the weak basis are given in Appendix B. Now let us move to the couplings of the charged Higgs bosons. The charged Higgs boson couplings to the SM quarks and leptons are described by the Lagrangian
with
The interactions of the charged Higgs bosons with charginos and neutralinos are described by the following Lagrangian:
with i = 1, 2, 3, 4, 5, j = 1, 2, and
As similarly in the neutral Higgs couplings, we note that the couplings are containing, in addition to the corresponding MSSM interactions, the terms coupled to the singlino components of the neutralinos. Finally, the charged Higgs couplings to sfermions are given by
The explicit expressions of the couplings Γ H + f * f ′ in the weak basis are also given in Appendix B.
4 Synopsis of EDMs
In this section, we briefly outline how we estimate observable EDMs. We start by giving the relevant interaction Lagrangian as follows:
where F µν and G a µν are the electromagnetic and strong field strengths, respectively, the For the Weinberg operator, we consider the contributions from the Higgs-mediated two-loop diagrams:
and, for the loop function h(z iq ), we refer to Ref. [38] . For the four-fermion operators, we consider the t-channel exchanges of the CPviolating neutral Higgs bosons which give rise to the CP-odd coefficients as follows [34] :
The EDM d 
The details of the neutralino-mediated one-loop contributions and the contributions from the two-loop Barr-Zee-type diagrams will be discussed below.
One-loop EDMs
In the case under consideration, the only non-vanishing one-loop contribution to the (C)EDMs comes from the neutralino loops due to the CP phase φ
The one-loop contributions to the EDMs of charged leptons (d
χ 0 may conveniently be expressed as
with f = l, u, d. The neutralino-fermion-sfermion couplings are 
with B(1) = 1/6. As well as the EDMs, the neutralino loops can induce non-vanishing chromo-electric dipole moments (CEDMs) for the quarks as follows:
Two-loop Barr-Zee EDMs
Beyond the one-loop, we take account of the contributions from the two-loop Barr-Zeetype diagrams. We have considered the the Barr-Zee diagrams mediated by the γ-γ-H 0 i
couplings [34] and the γ-H ± -W ∓ and γ-W ± -W ∓ couplings [39] . The two-loop diagrams mediated by the γ-H 0 -Z couplings [40, 41] have also been included taking account of the general CP-violating Higgs-boson mixing. More explicitly, the contribution from the twoloop Higgs-mediated Barr-Zee-type diagrams can be decomposed into four parts:
The W -boson couplings to the charginos and neutralinos are given by
and, with A, B = L, R,
For the loop functions F (τ ), f (τ ), g(τ ), J(a, b), and f W W (r i , r j ), we refer to, for example, Refs. [34, 39] and references therein. Finally, for (d E f ) ZH 0 , we take account of the dominant fermionic contributions given by
The Z-boson couplings to the charginos are given by
where g Z = g/c W = e/(s W c W ) and
And the Z-boson couplings to the quarks and leptons are given by In addition to EDMs, the two-loop Higgs-mediated Barr-Zee graphs also generate CEDMs of the light quarks q l = u, d which take the forms:
Observable EDMs
In this subsection, we briefly review the dependence of the Thallium, neutron, Mercury, deuteron, and Radium EDMs on the (C)EDMs of quarks and leptons and the coefficients of the dimension-six Weinberg operator and the four-fermion operators.
Thallium EDM
The Thallium EDM receives contributions mainly from two terms [42, 43] :
where d E e is the electron EDM and C S is the coefficient of the CP-odd electron-nucleon interaction L C S = C Sē iγ 5 eN N which is given by
with κ ≡ N|m ss s|N /220 MeV ≃ 0.50 ± 0.25 and
with x t = 1 and x b = 1 − 0.25κ.
Neutron EDM
For the neutron EDM, we consider three different hadronic approaches: (i) the Chiral Quark Model (CQM), (ii) the Parton Quark Model (PQM) and (iii) the QCD sum-rule technique.
• In the CQM approach, the neutron EDM is given by
where the chiral symmetry breaking scale Λ ≃ 1.19 GeV and the η E,C,G account for the renormalization-group (RG) evolution of d E,C q and d
G from the electroweak (EW) scale to the hadronic scale. For the QCD correction factors we are taking η E ≃ 1.53 and η C ≃ η G ≃ 3.4 [44] . We note that the EDM operators d E,C q and d G in (42) are computed at the EW scale.
• In the PQM approach, the neutron EDM is given by [45] • Using the QCD sum-rule technique, the neutron EDM is given by [46] [47] [48] [49] [50] 
where d [48] . In the numerical estimates we take the positive signs for d n (d G ) and d n (C bd ).
Mercury EDM
Using the QCD sum rules [49, 50] , we estimate the Mercury EDM as follows:
where d
I ,II ,III ,IV Hg
[S] denotes the Mercury EDM induced by the Schiff moment. The parameters C P and C ′ P are the couplings of electron-nucleon interactions as in L C P = C Pē eNiγ 5 N + C ′ Pē eNiγ 5 τ 3 N and they are given by [34] 
We take account of the uncertainties in the calculation of the Schiff-moment induced Mercury EDM as follows [51] :
πN N /GeV + 9.5 × 10 −5 eḡ
Deuteron EDM
For the deuteron EDM, we use [34, 52] :
In the above, d G is evaluated at the 1 GeV scale, and the coupling coefficients g d,s,b appearing in C dd,sd,bd are computed at energies 1 GeV, 1 GeV and m b , respectively. All other EDM operators are calculated at the EW scale. In the numerical estimates we take the positive sign for d G .
Radium EDM
For the EDM of 225 Ra, we use [51] :
We note that theḡ (1) πN N contribution to the Radium EDM is about 200 times larger than that to the Mercury EDM d 
Numerical Analysis
The scenario we are considering has an intermediate value of tan β with small v S ∼ v: Figure 1 : The absolute value of the Thallium EDM d Tl divided by the current experimental limit d
EXP Tl
as a function of φ ′ κ varying |λ|, |κ|, |A λ |, and |A κ | over the ranges given by Eq. (55) for the scenario specified by Eq. (51) . Especially, the |κ| range is divided into 2 regions: 0.01 ≤ |κ| < 0.1 (red filled circle), and 0.1 ≤ |κ| ≤ 0.2 (blue plus) .
We have chosen M 1 = M 2 = −200 GeV to fix the neutralino sector ‡ . We find that a first-order phase transition could occur in some regions of the parameter space of this ‡ In some regions of the parameter space, we find that Γ(Z → χ • , violating the LEP bound on the non-SM contributions to the invisible Z decay width, ∆Γ inv < 2 MeV [54] . In this section, we are presenting our results without including the bound on ∆Γ inv since it can be easily satisfied for other choices of M 1,2 without affecting the numerical results much. scenario [18] which is needed for the EWBG [15] .
In Figs. 1, 2 , and 3, we show the absolute values of
with the current experimental bounds 
where |A λ ,κ | MIN are determined by the tadpole conditions [36] . The lower limit on |λ| comes from the chargino mass limit and that on |κ| is derived from the global minimum condition and the requirement of the strong enough first-order electroweak phase transition. The upper limits on |λ| and |κ| come from requiring that there is no serious breakdown of perturbativity below the GUT scale. Especially, we have taken 0.95 as the upper bound for |λ| as done in Ref. [18] , though it is somewhat larger than the usual perturbativity bound (∼ 0.8) quoted in the NMSSM. Such a value of |λ| might be comfortably accommodated in, for example, the SUSY fat Higgs model which includes a new gauge interaction that becomes strong at an intermediate scale [55] . And then the LEP limits, the global minimum condition, and the positivity of the square of the Higgs-boson mass have been imposed as described in Ref. [36] . We note that the region of |A λ | is around |λ|v S tan β/ √ 2 ∼ 600 GeV, which determines the typical masses of the heavier Higgs bosons.
The Thallium EDM is below the current experimental limits over the whole range of the parameters except for a few points around φ ′ κ = 110
• and 250
• , see Fig. 1 . Also, we see that the ratio |d Tl /d EXP Tl | does not exceed 3. Fig. 2 shows the neutron EDM in the three different approaches. The estimations in the QCD sum rules and CQM approaches give more or less similar results which do not exceed 3 times the current experimental limit while the PQM prediction always lies below it. We observe that larger values of |κ| lead to larger EDMs in the QCD and PQM cases. To summarize, the tree-level CP phase φ ′ κ is hardly constrained by the non-observation of Thallium and neutron EDMs. The Mercury EDM constraint could be stronger but there is still a room to have large φ ′ κ ∼ 90
• after taking account of the uncertainties in the calculation of the Schiff-moment induced Mercury EDM, d Hg [S] .
At this stage, it would be interesting to see whether the proposed future EDM experiments can probe the CP phase φ ′ κ . In this work, we consider the deuteron EDM and the 225 Ra EDM. The latter is known to be enhanced by the Schiff moment induced by the presence of nearby parity-doublet states [53] . In Fig. 4 , we show the absolute values of
For the normalization of the deuteron EDM, we have taken the projected experimental sensitivity [56] : d (51) In the remaining part of this section, we wish to present the details of the observable EDMs by exemplifying a point |λ| = 0.81 , |κ| = 0.08 , |A λ | = 575 GeV , |A κ | = 110 GeV.
The other parameters are fixed as in Eq. (51), as motivated by EWBG. In Fig. 5 , we show the absolute values of the observable EDMs under consideration divided by the corresponding current experimental limits or the projected experimental sensitivities. Fig. 6 shows the Thallium, neutron and Mercury EDMs together with the constituent contributions. We observe that both the d approach come from the CEDM and d G terms and we note that the neutron EDM in the CQM shows the similar behavior (not shown). The neutron EDM in the PQM is dominated by the contributions from the EDMs of the up and strange quarks. On the other hand, the Mercury EDM is dominated by the CEDMs of the light quarks. Fig. 7 shows the deuteron and Radium EDMs together with the constituent contributions. We observe both of the EDMs are dominated by the contributions from the CEDM terms. 8 shows the EDMs and CEDMS of the electron and light quarks together with the constituent contributions. We observe that the electron EDM is dominated by the twoloop Barr-Zee contributions mediated by the γ-γ-H 0 i and γ-W ± -W ∓ couplings, whereas the one-loop contribution from the neutralino loops is subleading. The one-loop contribution is suppressed because the CP phase φ ′ κ can contribute to EDM only through the multiple singlino-Higgsino-gaugino mixing and we are taking somewhat large values for the masses of the sfermions of the first two generations: , the two-loop contribution mediated by the γ-H 0 -Z couplings is larger than the one-loop contribution. We note a cancellation occurs between the two dominant two-loop Barr-Zee
The CEDMs of the up and down quarks are dominated by the Higgs-mediated two-loop contributions which are more than 100 times larger than the one-loop contributions and we note |d
Finally, we examine the dependence of the observable EDMs on the sfermion masses of the first two generations. Fig. 9 shows the observables EDMs as functions of the common mass scale for the first two generations,
Except the neutron EDM based on the CQM which lies below the current experimental limit independently of M X 1,2 , all the EDMs exhibit dips at certain values of M X 1,2 . The dips occur because of the cancellation between the one-and two-loop contributions. When M X 1,2 is small the one-loop contribution dominates. As M X 1,2 grows, the one-loop contribution decouples and the EDMs saturate to certain values determined by the two-loop contribution. Therefore, for the neutron (QCD), Mercury, deuteron, and Radium EDMs, we observe that the one-loop contribution is comparable to or larger than the two-loop one only when M X 1,2 < ∼ 300 GeV. On the other hand, for the neutron EDM based on the PQM and the Thallium EDM, the one-loop contributions are larger but the two-loop contribution starts to dominate when M X 1,2 is larger than ∼ 600 GeV. By choosing d IV Hg for the Mercury EDM, we observe that all the EDM constraints could be fulfilled when M X 1,2 > ∼ 300 GeV without relying on the cancellation mechanism. If we make other choices for the Mercury EDM, to suppress all the EDMs for Thallium, neutron, and Mercury below their present experimental bounds, the required degree of cancellation is about 90 % over the whole range of M X 1,2 , with 100 % corresponding to complete cancellation.
Before we close this section, we make a comment on the tan β dependence of the EDMs of the electron and the down and strange quarks. The one-loop neutralino contribution is proportional to tan β. The Barr-Zee contribution mediated by the γ-W ± -W ∓ couplings, one of the two two-loop leading contributions, is nearly independent of tan β. The tan β dependence of the other dominant Barr-Zee contribution mediated by the γ-γ-H 0 i couplings is much milder compared to the MSSM case in which the sbottom and stau contributions are proportional to tan 3 β [49, 59, 60] . This is because the masses of the two heavy Higgs states, which include the CP-odd state from the Higgs doublets, increase as tan β grows, M H 4 ,H 5 ≃ (|λ|v S / √ 2) tan β, to avoid tachyonic Higgs states [36] .
Conclusions
We have performed a study on the predictions of EDMs for Thallium, neutron, Mercury, deuteron, and Radium in the framework of CP violating NMSSM. The rephasing invariant combinations of the physical CP phases contributing to the EDMs are (φ One of the attractive features of the NMSSM, compared to the MSSM, might be that the mechanism of EWBG could be realized in a more natural setting. In analyzing the EDM constraint on the CP phase φ ′ κ , we have taken a scenario in which a first-order phase transition is presumed to occur. The strong enough first-order phase transition is essential to the EWBG.
Previously, the constraint on φ ′ κ from the neutron and electron (equivalently, Thallium) EDMs had been considered but only the one-loop neutralino contributions were taken into account. We check that our one-loop results agree well with the previous ones, showing no strong constraints on φ ′ κ especially when the sfermions of the first two generations are heavier than ∼ 300 GeV. In this work, we have further considered the constraint from the non-observation of Mercury EDM and found the similar results.
In addition to the one-loop contributions, we have taken account of the higher-order corrections to the EDMs and CEDMs of the light quarks and electron, the dimensionsix Weinberg and the Higgs-exchange four-fermion operators. We note that most of these operators are generated due to the CP-violating neutral Higgs-boson mixing induced by the CP phase φ ′ κ . The two-loop contributions and, especially, the coefficient of the dimensionsix Weinberg operator start to dominate when the sfermions of the first two generations are heavier than ∼ 300 GeV. We found that they can saturate the current bound on the neutron EDM and can go over that on the Mercury EDM. For the Mercury EDM, we have included the uncertainties in the calculation of the Schiff-moment-induced term and found that there is still a room to have the maximal CP phase φ ′ κ ∼ 90
• . We have also shown that the large CP phase φ ′ κ ∼ 90
• can be easily probed in the proposed future experiments searching for the EDMs of deuteron and the 225 Ra atom and it might be connected to the EWBG, providing a new mechanism for it [61] .
Furthermore, we offer a few more comments as follows before we close.
1. The new CP phase that we considered here can be applied to a number of low-energy phenomenologies, such as CP asymmetries in B mesons and K mesons.
2. In our previous work [36] , we have imposed the following constraints to the parameter space: the LEP limits, the global minimum condition, and the positivity of the square of the Higgs-boson masses. In the present work, we have further constrained the § See Ref. [58] for the recently suggested bino-driven EWBG scenario exploiting the CP phase of the bino mass parameter, φ 1 , to account for successful EWBG without inducing large EDMs.
parameter space required by the EDM constraints. Therefore, by combining all these constraints we can explore further phenomenologies, including the Higgs physics at the LHC, the muon anomalous magnetic moment, and electroweak baryogenesis.
3. One of the reasons why the 2-loop BZ diagrams can dominate is that one or more of the neutral Higgs bosons become very light. One can imagine that contributions to the muon anomalous magnetic moments can also become important in comparison to the one-loop result. In fact, one can show that the muon anomalous magnetic moment and EDM are related to the real and imaginary parts of the combination of couplings. We will come back to this issue in a future work.
4. We will soon make available a computer code for calculating all the couplings and masses of the Higgs bosons, with the parameter space restricted by all the experimental constraints (all the above mentioned ones as well as direct search limits, muon g − 2, etc) as we proceed further in this framework.
• Charginos: We adopt the convention
is diagonalized by two different unitary matrices
. The chargino mixing matrices (C L ) iα and (C R ) iα relate the electroweak eigenstates to the mass eigenstates, via
We use the following abbreviations throughout this paper:
• Neutralinos: The symmetric neutralino mass matrix in the (
This neutralino mass matrix is diagonalized by a unitary matrix N:
. The neutralino mixing matrix N iα relates the electroweak eigenstates to the mass eigenstates via
• Stops, sbottoms, staus and tau sneutrino: At the tree level, the Yukawa couplings are given by
The stop and sbottom mass matrices may conveniently be written in the ( q L , q R ) basis as
, and h q is the Yukawa coupling of the quark q. On the other hand, the stau mass matrix is written in the ( τ L , τ R ) basis as 
. The mixing matrix U f relates the electroweak eigenstates f L,R to the mass eigenstates f 1,2 , via
B Higgs-boson couplings to sfermions
Here we present the couplings of the neutral and charged Higgs bosons to squarks and sleptons in the weak basis.
• The neutral Higgs couplings to sfermions:
-In the ( b L , b R ) basis, the neutral Higgs couplings to the sbottoms: • The charged Higgs couplings to sfermions: 
